INTRODUCTION
In 1953 Aldridge [1, 2] defined two classes of esterases according to their interaction with organophosphate anticholinesterases. A-esterases hydrolyse such substances whereas B-esterases are inhibited by them. The active forms of organophosphorus pesticides are inhibitors of B-esterases and are in many cases deactivated by A-esterases [3] . Mammals tend to have high A-esterase activity in the blood and the liver, and this is evidently an important factor in determining their relatively low susceptibility to such organophosphates as diazinon and pirimiphos-methyl [4, 5] . By comparison birds have very low A-esterase activity and are relatively susceptible to these two compounds.
Much of the A-esterase activity towards paraoxon (paraoxonase) in the serum of sheep and humans is associated with high-density lipoprotein (HDL) [6] . In humans a number of pathological states are known to be associated with serum A-esterase activity. Serum paraoxonase activity is low in individuals who have suffered myocardial infarction [7] . The serum paraoxonase activities and the serum concentrations of HDL cholesterol and apolipoproteins A-I and A-II of patients with 'fisheye' disease were found to be only 10 % of the mean values for control subjects [8] . Recently a genetic link has been established between serum paraoxonase and cystic fibrosis in families afflicted by this disease [9, 10] . Despite their importance little is known of the biochemical properties of serum A-esterases. These enzymes are currently classified as arylesterases (EC 3.1.1.2), but recent evidence suggests that different enzymes are responsible for A-esterase and arylesterase activities in the serum of sheep and humans [11] . Studies with sheep serum have produced strong evidence for the existence of multiple forms of A-esterase with overlapping substrate specificities [12] . The present study is concerned with the further characterization of the Aesterases of sheep serum by the use of four different organophosphate substrates.
MATERIALS AND METHODS

Chemicals
All chemicals were of analytical-reagent grade unless otherwise stated. Sucrose, acetic acid, KBr, urea, CaCl2, methanol (Spectrograde), NaCl Purification of A-esterase All procedures were performed at 4 'C. The initial stage of the purification was the preparation of an HDL fraction from serum as described previously [12] . A 12 ml portion of the HDL fraction was made 5 % (w/v) with respect to sucrose and applied to a 4.5 cm x 30 cm column (Amicon) of Sepharose 6B gel-filtration medium equilibrated with 20 mM-Tris/HCl buffer, pH 8.0, containing 1 mM-CaCl2. The column was eluted with the same buffer at a flow rate of 20 ml/h, and 5 ml fractions were collected with an LKB 2112 Redirac fraction collector. Individual fractions were assayed for A-esterase activity towards substrates (I) and (II) and for protein.
Individual enzyme peaks from the gel filtration (see the Results section) were further purified by ion-exchange chromatography on Whatman DE-52 anion-exchange resin equilibrated in 20 mM-Tris/HCl buffer, pH 8.2 (buffer A), and packed into 1.1 cm x 1O cm columns (Amicon). The flow rate used throughout the procedure was 1.5 ml/min. Pooled fractions from gel filtration were diluted to 20 ml with buffer A and applied to the column. The column was then washed with 20 ml of buffer A followed by 20 ml of buffer A containing 1 mM-CaCl2 and finally 10 ml of buffer A containing 1 mM-CaCl2 and 0.1 M-NaCl. The bound enzyme was then eluted from the column by using a linear salt gradient of 0.1-0.5 MNaCl in buffer A containing 1 mM-CaCl2. During the washing procedure 4 ml fractions were collected, and 1 ml fractions were collected during the gradient elution into tubes containing sufficient CaCl2 to give a final concentration of 5 mm in each fraction. Individual fractions were assayed for paraoxonase activity and protein.
Assay of enzyme activity
Paraoxon. A-esterase activity towards paraoxon (paraoxonase) was assayed by the method described by McElveen et al. [7] . Separation of substrates from hydrolysis products was achieved by reverse-phase h.p.l.c. on a 12.5 cm S50DS-Spherisorb column (Hichrom, Reading, Berks., U.K.) by using a modification of the method developed by Brealey & Lawrence [13] . Elutions were performed isocratically with methanol/0.1 M-sodium phosphate buffer, pH 4 Under these conditions formation of product is linear with time and protein concentrations for up to 30 min for substrates (II) and (III) and 60 min for substrate (IV) and with up to 3 mg of protein per assay.
Protein determinations
The protein contents of fractions from the column chromatographic separations were monitored by measuring the absorbance at 280 nm; all other protein determinations were carried out using the method of Bradford [14] with bovine serum albumin as standard.
Analytical polyacrylamide-gel electrophoresis
Analytical denaturing polyacrylamide-gel electrophoresis was carried out by the method of Laemmli [15] adapted for vertical slab-gel electrophoresis. An [16] .
RESULTS
The elution profiles of protein and A-esterase activity from gel filtration of the HDL fraction of serum are shown in Fig. 2 . The A-esterase activity, as measured by diazoxon hydrolysis, was found in two major peaks and one minor peak. Coroxon hydrolysis had a similar profile to diazoxon hydrolysis (results not shown). Accordingly fractions 36-40, 42-47 and 49-60, which represented these peaks, were pooled as fractions GI, GII and GIII respectively, and further purified by ionexchange chromatogr4phy.
Ion-exchange chromatography of fraction GI led to the separation of two peaks showing paraoxonase activity (Fig. 3a) . The fractions containing this activity were pooled and labelled IEC (1) and IEC (2) respectively. Two peaks of paraoxonase activity were also evident after ion-exchange chromatography of gel-filtration fraction GII (Fig. 3b) , and these were pooled as IEC (3) and IEC (4). Ion-exchange chromatography of gelfiltration fraction GIII (Fig. 3c) The ratios of enzyme activity, counting the specific activity towards paraoxon as 1 ( Table 1 and Fig. 4 ), indicate that each peak represents a different A-esterase isoenzyme or complement of isoenzymes. The highest specific activity towards substrate (III) was shown by fraction IEC (2), the lowest by fractions IEC (3) and IEC (5) . The highest specific activity towards substrate (II) was shown by fraction IEC (5). Fractions IEC (1) and IEC (4) showed relatively low specific activities towards both of these substrates.
Analytical denaturing polyacrylamide-gel electrophoresis ( o u l d b e s e e n w i t h i n t h i s r a n g w i t f r a t i o I E ( S ) a n (2) prepared by anion-exchange chromatography (a) Ratio of paraoxon to diazoxon hydrolysis (ratios calculated counting paraoxonase specific activity as 1); (b) ratio of paraoxon to chlorpyrifos-oxon hydrolysis (ratios calculated counting paraoxonase specific activity as 1); (c) ratio of diazoxon to chlorpyrifos-oxon hydrolysis (ratios calculated counting diazoxonase specific activity as 1). Details of methodology are given in the Materials and methods section.
however, fractions IEC (3), IEC (4) and IEC (5) contained bands that were unique to each enzyme fraction. Which of the bands represented the 66000-Mr contaminant is, however, unknown.
DISCUSSION
These results give further evidence for the existence of multiple forms of A-esterases. Five different HDL AVol. 250 esterase peaks were isolated by anion-exchange chromatography, all of which showed different substrate specificities, dramatically so in the case of fractions IEC (1), IEC (3) and IEC (5) . With paraoxon (I) as substrate, low purification factors were obtained compared with substrates (II) and (III), indicating that paraoxon is a more general substrate for A-esterase isoenzymes than are the other organophosphates studied here. When these peaks were examined by polyacrylamide-gel electrophoresis they were all found to contain peptides of estimated Mr 28000-30000. Proteins of this Mr were found to be major components of purified HDL A-esterases of sheep serum in an earlier study [12] . Fractions IEC (1), IEC (2) and IEC (3) showed the highest degree of purity, with only a low degree of contamination with a protein of Mr 66000, some or all of which is albumin. When peaks IEC (1) and IEC (4) were re-run on anion-exchange chromatography, single peaks of A-esterase activity were separated in the same positions as previously, thus indicating the stability of the lipoproteins on this column system.
After gel filtration the average estimated Mr of the HDL particles with A-esterase activity were 230000 and 360000 for serum and HDL fraction respectively. This suggests that during the course of preparation of the HDL by ultracentrifugation some lipid and/or protein is picked up by the particles. The value of 360000 for the HDL fraction corresponds to the value assigned to HDL2 in studies upon human serum [18] . The proteins of Mr 28 000-30000 have a similar Mr to that of apolipoprotein A-I isolated from human serum [19] [20] [21] . Careful inspection of the polyacrylamide gel after electrophoresis suggests that the individual proteins have slightly different Mr values from one another, but further study will be necessary to confirm this. Analytical isoelectric focusing in agarose/urea gels indicated the presence of several protein bands with isoelectric points between pH 4.6 and pH 6.1, further indicating the heterogeneity of these peptides. Moreover, each of the Aesterase lipoproteins [fractions IEC (1)-IEC (5) ] revealed a different pattern of bands after isoelectric focusing, establishing differences in peptide composition between these HDL particles.
Isoelectric focusing of purified human apolipoprotein A-I has shown the presence of at least five isoforms of the protein with pl values of 5.62, 5.54, 5.46, 5.39 and 6.36 [22, 23] . Several of the protein bands from the anionexchange chromatography fractions had pl values in this region, a further indication of similarities between these proteins and apolipoprotein A-I. It is very probable that these proteins are responsible for the A-esterase activity associated with the HDL particles, since the albumin that is there has no measurable activity. Further, the study of patients with 'fish-eye' disease [8] suggests that the apolipoprotein A-I expresses all or most of the Aesterase activity in human HDL. Very low apolipoprotein A-I contents in HDL were associated with correspondingly low A-esterase activities in these patients.
The heterogeneity of human serum HDL particles is well documented [24] [25] [26] , and the HDL apolipoproteins appear to form the basis of this particle heterogeneity [25] . It therefore seems probable that the lipoproteins with A-esterase activity separated in this study represent different HDL2 particles containing different complements of isoforms of apolipoprotein A-I.
There is, therefore, growing evidence for the existence of different isoforms of a protein similar to human apolipoprotein A-I, with contrasting substrate specificities towards organophosphates, in the HDL fraction of sheep serum. If this interpretation is correct, there are interesting parallels with the B-esterases, monooxygenases and epoxide hydrolases of the endoplasmic reticulum [27] [28] [29] . These enzymes operate against lipophilic substrates in a hydrophobic environment, and exist in a number of different isoforms with contrasting, yet often overlapping, substrate specificities. The hydrolytic activity of HDL A-esterases towards endogenous substrates has yet to be established. It is interesting to speculate that members ofall these classes ofhydrophobic enzymes have roles in endogenous metabolism but that particular isoforms have evolved (sometimes with very wide substrate specificity) to metabolize naturally occurring xenobiotics. In this context it may be noted that rat liver microsomal B-esterases have been shown to hydrolyse palmitoyl-CoA and monoacyl glycerols as well as a variety of ester and amide type xenobiotics [27, 30, 31] . 
